In a non-blinded observational study, we have tested the null hypothesis that there is no difference in local anaesthetic requirements for subarachnoid anaesthesia between women presenting for Caesarean section at term or preterm (38-42 and 28-35 weeks' gestation, respectively). Using a combined spinal-extradural technique, 2.25 ml of 0.5% hyperbaric bupivacaine was given, in the sitting position, to 50 women presenting for Caesarean section. In 21 of 25 preterm women, adequate sensory block for surgery did not develop (P:0.001) and they required supplementary extradural local anaesthetic (median 8 ml of 2% lignocaine with 1:200 000 adrenaline (interquartile range 4-12 ml)); preterm women not requiring extradural supplementation were at the upper end of the gestational range. There was a strong linear correlation between increasing gestation and block height in the preterm group (Spearman rank correlation coefficient:0.74; 95% confidence intervals 0.49, 0.88). All women in the term group developed adequate anaesthesia with the subarachnoid dose alone. Onset of anaesthesia was slower in the preterm group (median 15 vs 5 min) with a lower incidence of hypotension (P:0.0005). (Br. J. Anaesth. 1997; 78: 498-501 In the UK, the Caesarean section rate is rising with a disproportionate increase in the number of preterm Caesarean sections.
In the UK, the Caesarean section rate is rising with a disproportionate increase in the number of preterm Caesarean sections. 1 2 In 1995 just over 11% of Caesarean sections were performed on mothers at less than 36 weeks' gestation 1 2 and improving obstetric and neonatal management allows a better prognosis for these babies. Babies have better Apgar and neurobehavioural scores when mothers have a regional rather than a general anaesthetic [3] [4] [5] and as preterm babies are already compromised, it seems sensible to use an anaesthetic technique which avoids giving depressant drugs to both mother and fetus. Despite this, a large proportion (39%) 6 of mothers receive a general anaesthetic for Caesarean delivery which may be related to the fact that standard textbooks give little guidance on the management of regional anaesthesia for preterm Caesarean section.
Pregnant women at term require less subarachnoid local anaesthetic than non-pregnant women to achieve a given sensory block. [7] [8] [9] While it has been suggested that preterm women require the same local anaesthetic dose as those at term, 10 11 our own clinical observations suggested that preterm women needed larger doses to achieve adequate sensory block for surgery.
The aim of this study was to assess if a standard subarachnoid dose of local anaesthetic produced similar sensory block levels in women at term and preterm (38-42 and 28-35 weeks' gestation, respectively), presenting for Caesarean section, and to test the null hypothesis that there is no difference in local anaesthetic requirements between these groups.
Patients and methods
After obtaining hospital Ethics Committee approval, we studied 50 women who gave written informed consent. We used 25 women as controls, presenting for elective Caesarean section at term, and 25 women required delivery by Caesarean section between 28 and 35 weeks' gestation.
With the mother in a sitting position, a combined spinal-extradural kit was used with a standard 16-gauge Tuohy needle and a 117-mm long 26-gauge pencil-point spinal needle, designed to pass through the lumen of the extradural needle after location of the extradural space, and which can extend up to 12 mm beyond the end of the extradural needle (Portex Ltd). After a preload of 15 ml kg 91 of crystalloid solution the extradural space was located with the 16-gauge Tuohy needle using loss of resistance to saline and the 26-gauge pencil-point needle passed through the lumen of the Tuohy needle into the subarachnoid space. When CSF was seen in the hub of the needle, 2.25 ml of 0.5% hyperbaric bupivacaine was injected over 30 s without barbotage. The spinal needle was then withdrawn, an extradural catheter inserted and secured, and the mother immediately placed supine with 20Њ left lateral tilt.
Sensory block height was measured 3 min after subarachnoid injection and then at 2-min intervals until it had stopped rising. As we were performing repeated measurements, we chose to measure block height with loss of cold sensation. A block to T4 was considered necessary before allowing surgery to start. Assessment of the block to pinprick was made at this time and anaesthetic (feels nothing) and analgesic (aware of pinprick but not sharp) block heights were recorded. If the subarachnoid block stopped increasing (three consecutive block measurements without change) before it reached T4, supplementary extradural local anaesthetic was added. We injected 2 ml of 2% lignocaine with adrenaline 1:200 000 for each dermatome level between the maximum height of the subarachnoid block and T4.
Block height after subarachnoid injection alone, supplementary extradural local anaesthetic requirements, maximum block height, time taken to reach T4 and the incidence of hypotension (a decrease in systolic pressure to :70% of pre-spinal level) were recorded. Statistical analysis was performed with Minitab for Windows version 9.2 using the chisquare test, Mann-Whitney U test and Spearman rank correlation as appropriate.
Hospital clinical audit showed that 99% of women presenting for elective Caesarean section at term achieved a block to T4 with 2.25 ml of 0.5% hyperbaric bupivacaine. We can assume that if only 70% of preterm women achieved a suitable block this would be clinically important (i.e. 30% failure rate). As the outcome is either success or failure the statistical test is the difference in two binomial proportions. With a significance level of P:0.01 and a power of 0.99, the sample size required for each group (term and preterm) was 21. We studied 25 patients in each group in case data were lost.
Results
With the exception of gestational age, both groups were similar (table 1). The numbers of preterm women at each week of gestational age are shown in table 2.
There was a significant difference between the term and preterm groups in maximum block height after subarachnoid injection (P:0.001). All women at term developed an anaesthetic block to T4, but 84% of preterm women failed to achieve a T4 block (table 3) .
There was a strong linear correlation between increasing gestational age and block height produced with subarachnoid local anaesthetic alone (Spearman rank correlation:0.74: 95% confidence intervals 0.49, 0.88) ( fig. 1) .
The four preterm women who developed a block to T4 were at the upper end of the preterm gestational age limit; three at 35 weeks' and one at 34 Figure 1 Correlation between maximum sensory block height achieved with subarachnoid anaesthesia alone and gestational age. The median time to achieve a block to T4 was 5 min in the term group and 15 min in the preterm group (P:0.001) (table 3). The maximum time taken for any patient to develop a T4 block in the preterm group was 22 min.
Maximum block heights were higher in the term group receiving subarachnoid local anaesthetic alone compared with the preterm group after addition of supplementary extradural local anaesthetic (medians T3 andT4, respectively) (P:0.0008) (table 3) .
There was significantly less hypotension in the preterm group, with only four women with a 30% decrease in arterial pressure (P:0.0005) (table 3).
Discussion
Our results confirmed that, using the technique described, a standard subarachnoid dose of local anaesthetic, appropriate for women at term, failed to reliably provide adequate anaesthesia for preterm women requiring Caesarean section. All women with a gestational age less than 34 weeks required supplementary extradural local anaesthetic to achieve sensory block to T4.
Why do preterm women require more local anaesthetic? It is known that women at term require less local anaesthetic than non-pregnant women, and this seems to be related to physiological and hormonal changes in pregnancy. It is known that in late pregnancy the gravid uterus compresses the inferior vena cave, impairing venous return from the legs and pelvis, 8 and it has been assumed that as the collateral circulation includes the extradural veins, resultant distension of extradural veins effectively reduces the volume of both the extradural and subarachnoid spaces, altering the distribution of drugs injected into the CSF. 8 9 This has been confirmed by Hirabayashi and co-workers, who have demonstrated, using magnetic resonance images, that the extradural venous plexus is engorged in the supine parturient compared with the same women before pregnancy. 12 The engorged extradural veins also displace the dura, thereby decreasing the volume of the subarachnoid space. In addition, increased CSF prostaglandin concentrations in pregnancy increase the sensitivity of nerves to local anaesthetics, 13 14 and this may also contribute to a reduction in local anaesthetic requirements.
Preterm women, in late second or early third trimesters, with a smaller uterus than those at term, presumably have less inferior vena caval compression, less collateral flow through the extradural venous plexus and therefore larger extradural and subarachnoid volumes. In addition, the effect of prostaglandins on nerves may be related not only to increased prostaglandin concentrations but also to the duration of exposure to the increased concentration, with preterm women having had shorter exposure times. 15 We induced subarachnoid anaesthesia with women in the sitting position and chose a 2.25 ml (11.25 mg) dose of hyperbaric bupivacaine as 2 ml (10 mg) has been shown to be inadequate in 37.5% of term women, 16 and a single space combined spinal-extradural technique was used so that women could receive supplementary extradural local anaesthetic if required. We found that this technique provided a gradual onset of anaesthesia with a reliable block height (no patient developed an inappropriately high block) and minimal hypotension, which should be beneficial to the compromised preterm fetus. Although using extradural 2% lignocaine and adrenaline 1:200,000 minimized the onset time of extradural block, 17 as expected it took significantly longer to achieve a T4 block in the preterm group. The difference in median times to T4 was 10 min, unlikely to be clinically important in most cases. In keeping with a slower onset of sensory block, the incidence of hypotension was significantly lower in the preterm group (P:0.0005).
We attempted to identify factors which might reliably predict sensory block height after subarachnoid injection and found a strong linear correlation between increasing gestational age and higher blocks (Spearman rank correlation:0.74: 95% CI 0.49, 0.88). Given why we believe preterm women need more local anaesthetic, it would seem logical that there would be some association between uterine size and local anaesthetic requirements. We assessed uterine size by measuring fundal height taken from the symphysis pubis to the fundus and found a correlation between gestational age and fundal height (Spearmann rank correlation:0.55, 95% CI 0.20, 0.77) and between fundal height and block achieved with subarachnoid local anaesthetic (Spearman rank correlation:0.85, 95% CI 0.68, 0.93) ( fig. 2) . Although uterine size may be more important than gestational age in predicting dose requirements it is difficult to measure accurately.
In summary, we have shown that subarachnoid Figure 2 Correlation between maximum sensory block height achieved with subarachnoid anaesthesia alone and fundal height.
injection of 2.25 ml of hyperbaric bupivacaine, with women in a sitting position, failed to provide adequate anaesthesia for Caesarean section in 84% of preterm women and we can reject the null hypothesis that subarachnoid local anaesthetic requirements in these two groups are the same. Preterm women required more local anaesthetic and there was a strong correlation between increasing gestation and higher block for a given dose of local anaesthetic. However, it is difficult to predict accurately the dose for an individual preterm patient and the combined spinal-extradural technique should be used when time allows, as this produces reliable and stable anaesthesia with little hypotension. If urgent Caesarean section is required and a single dose subarachnoid anaesthetic is planned, a larger dose of local anaesthetic should be used.
